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ByMerrilJH.Mead

suMMARY

FORAN

FINS

me variationswithMachnuniberand=@e ofattackof the
dynsmicrolling-momentcharacteristicsofa slenderbodyof revolu-
tionincombinationwitha cruciformtailhavebeeninvestigatedin
theAmes6- by 6-foot supersonicwindtumnel.Oscillographrecords
oftheinstantaneousrollingmomentofthemodelwereobtainedforMach

. ntiersof0.90,1.20;1.40,1.53, 1.60, and1.70ata constantfree-
stresmReynoldsnumiberof 0.84x 106basedonmaximumbo

%
diameter.

Themodelwastestedatanglesofattackof from0°to27 . visul
● flowstudiesweremadeof thecross-flowfieldintheregionof the

tailatMachnunibersof1.2,1.4,and1.7 at thesamefree-stresm
Reynoldsnumber.The“vaporscreentechnique”wasusedfortheflow
studies,andrepresentativephotographsoftheflowfield,obtained
fromthesestudies,arepresented.

Analysisofthedataindicatedthatthemodelbeganto experience
oscillatingrollingmomentsatabout10°angleofattackat-eachMach
numberforwhichtestsweremade,andthatthevariationswithangleof
attackoftherollingmomentswere,ingeneral,similarforeachMach
nuniber.Throughoutmostoftheangle-of-attackrange,an increasein
Machnumber
oscillating

wa;accompaniedby a decreaseinthemagnitudesofthe
rollingmoments.

I3XT!RODUCTION

Currentemphasisonthedesignofmissilesandsupersonicaircraft
hasoccasioneda renewedinterestintheaerodynamiccharacteristicsof
bodiesofrevolution.Ofparticularsignificancehasbecomethenature..
oftheflowfieldbehindinclinedbodiesofrevolution.Althoughit haS

longbeenrecognizedthatthisflowfielddiffersmarkedlyfromthe
. potentiaiflowconsideredby Munk(reference

F

1),thepresenceofvortex
..-

-“.---
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flowintheleeof suchbodieshasonlyrece-ntlymanifesteditselfasa-
seriousproblemtothemissileandaircraftdesigner.A recentpaperby
AllenandPerkins(reference2)discussesanqproximaiemethodfor
estimatingtheforces”andmomentsoninclinedbodiesofrevolutionin
whichtheeffectsofviscosityaretakenintoconsideration.Inthis .
paper,thedevelopmentwithdistancealongthebodyoftheviscous
cross-flow‘fieldbehindtheinclinedbody%s”r&te”dtothedevelopment :
withtimeoftheflowfieldbehinda circularcylindersetinmotion
tipulsivelyfromrest. ItWasshownthat,formoderateanglesofattack,
thebodyflowfieldcontaineda symmetricallydisposedpairof.vortices
whichincreasedin strength,andseparatedfartherfromthebody,with
distancedownstream.Theseobsezwations,aswellastheresultsof
circumferentialpressuredistributionsmeasuredat severalstations
alongthebody,wereinqualitativeagreementwiththeresultsof an
experimentalinvestigationmadeby Schwabeinreference3 onthe
developmentoftheflowfieldbehind& c@cularcylinderimpulsively
Qet.inmotionfrcmrest.Further,itwasshowninreference2 that.as .-
thebodyangleofattackincreasedfrcmmoderatetolargevalues,the
strengthof the.vorticesincreasedmorerapidlywithdistancedownstream.
Inaddition,itwasnotedthat,a shortdistanceaftoftheogivalnose ~
section,thisunstablesymmetrical-pairconfigurationbeganto discharge
as a streetofalternatevorticescharacteristicofthatknowntoexist
behinda circularcylinderintwo-dimensionalflow. ofparticular
interestto thepresentinvestigationwasthelessfamiliarphenomenon,

,

observedduringthetestsreportedinreference2, ofaperiodicrever-
—.

salsofthevortex-streetconfiguration.At oneinstant,thestreetof
Vorticeswassodistributedthatthevortexclosesttothebodywould
appearattheleftside”ofthebody,andat thenextinstanttheentire
streetofvorticeswouldchangesides,thefirstvortexfromthebody
thenappearingontheright.Thereversingactionwasapparentlyof an
entirelyaperiodicnature,noregularityhavingbeenobservedthroughout
thetests.No explanatioriforthesereversalswasattempted,butitwas
suggestedinreference”2that,foraircraftandmissiledesignswhich
wouldincorporatelongslenderbodiesofrevolutionwithtailsurfacesat
tkaft end”andwhichwouldbe expectedtomaneuveratlargeanglesof
attack,thedischargeof.avortexstreetandthe developmentof sucha
reversingactionshouldmanifestitselfasan erraticrollingtendency
as a resultoftheaperiodicasymmetryofforcesonthetailsurfaces.

To investigatethenatureoftherollingmomentsexperiencedby one
suchconfiguration,a body-tailcotiinationhasbeentestedinthe ..-
Ames6- by 6-foots~ersonicwindtunnelatMachnumbersrangingfrom “..
0.9 to 1.7. Thetestswereperformedtoprovideinformationonthe -
effectsofangleofattackandMachnumberonthemagnitudeofthe
instantaneousrollingmomentsinducedona typicalmissileconfiguration.

i
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TEST

Thetestwasperformed

.

METHODSANDAPPARATUS

WindTunnel

intheAmes6- by 6-footsupersonicwind

3

-. -.

tunnelwhichisa closed-return,variable-pressuresupersonicwind
tunnelinwhichtheMachnumbercanbe variedcontinuouslyfrom1.15to
1.9whilethetunnelis inoperationandwhichalsocanbe operatedat
subsonicMachnunibersof0.6to 0.93. Thewindtunnelanditsstresm
characteristicsaredescribedindetailinreference4. Themodelwas
supportedinthewindtunnelona conventionalsting-typesupportand
waspitchedin

Themodel
nationofbody

thehorizontalplane.

Model

usedin”thepresentinvestigation
andcruciformtailtypicalof one

—
. ..

consistedof a cotii- .
typeofmissiledesign :

currentlybefi studied.Thegeometriccharacteristicsofthemodelare
. givenin-figure1. Ofhollowcotistruction,thecylindricalportionof

thebodywasof steel,andtheogivalnoseofaltinum. Steeltailfins,
oftriangularplanformandaspectratio4 witha dotile-wedgesection

* 3-percentthick,weremountedattheaftendofthebodyinthevertical
andhorizontalplanes.

InstrumentationforForceTests

Themodelwasmountedinthewindtunnelona shortstingextension
whichwasfittedto theendoftheconventionalsupportsting.Strain
gageswerelocatedonthestingextensionat twolongitudinalpositions,
oneforward.andonerearward.Themodelandstingextensionwere
restrainedinrollby a torsion-typespringlocatedinsidethesting.
Thestraingsgeson thestingextensionweremountedh sucha manner
thatchangesintheirresistancewouldprovidean indicationofthe
lateral(yawing)motionsofthemodel(fig.1),whilechangesinresist-
anceoftherolling-momentgages,mountedonthetorsionspring,meas”ued
therollingmoments.Forobtainingmeasurementsoftheoscillatingloads,
a 2,000cycle-per-secondcarriersystem’wasused. Thissystememployssm
amplitude-stabilizedelectronicoscillatortoprovideinputvoltagesto
thestraingages.Theoutputsofthegagesarepassedthroughan elec-
tronicband-passamplifier,theflatpassbandofwhichis800CPSin.
widthcenteredaboutthecarrierfrequency.Theoutputofthesmplifier “’
isdemodulated,producingsignalsthesmplitudeandfrequencyofwhich
reproducethevariationofloadsappliedto thestrain-gagetransducer
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witha maximumerrorof 3 percentoffull-scaledeflection.Theseout-
putsignalsarerecordedwitha photographic.mcillographusing *
D’Arsonvalelementswhichreproducetheamplitudesofthesignalswith
a flatresponsefromO to 160cps,andwhichaccuratelyindicatesignal
frequenciesfromO to500cps. ...

.—
.

Staticcalibrationsweremadeofthestraingagesperiodically “ ‘
throughoutthetestperiodby thestandardmethodofapplyingknown
loadsto themodelandrecordingtheresultingdeflectionsontheoscil-
lograph.Itwasfcwndtobe impossible,however,tocalibratethegages
onthestingextensionwiththerequiredaccuracy.Therefore,the
recordedoutputsofthesegagesareincludedinthereporttorepresent
onlythefrequencyofthelateraloscillations

VisualFlowStudies

ofthemodel.
..

Inordertoinvestigatethecross-flowfieldaroundthebodyinan
attemptto correlatethedevelopmentofthebodyvorticeswiththe
recordedvariationsinrollingmoment,usewasmadeof a flowvisual-
izationtechnique,describedinreference2,whichhasbeentermedthe
*’vapor-screenmethod.~~In thistechnique,a smallamountofwateris

*-

introducedintothewindtunnelwhichresultsinthecondensationofa
finefogatthetest,section.

—.
A narrowplaneofintenselight,created

by a high-pressuremercury-vaporlamp,ismadeto shineacrossthetest
s

sectionina plsneessentiallyperpendiculartotheairstream.Inthe —
regionsofundisturbedflow,theeffectof the”planeoflightthrOU@the _ ..
fogiS to producea uniformlylightedscreenoffogparticles.Inthe.
regionof thedisturbedflowaroundthemodel,however,thefogis
inhomogeneousandtheflowdisturbancesappe=.onthescreenas ueas of
varyingbrightness.In thepresenttest,a 16~ camera,mountedonthe.
supportsting20 inchesdownstreamofthetailofthemodel,wasusedto

.—

photographthecross-flowfieldas seeninthevaporscreen.Moving
picturesweremadewiththelightscreenintersectingthemodelata
positioncorrespondingtothelocationofthetailonthebody. The
modelwastestedwiththetailremovedforthevapor-screenstudies,in
orderthatthecamerahavean&obstructedviewofthebodyflowfieldin
thevaporscreen.

TestProcedure
. ..-.---

Thetestwasconductedintwophases:theforcetestsonthe-body-
tailcombinationfirst;andthevisualflowst-udiesjmadewiththebody

.- .
alone,later.Duringthefirstphaseofthetest.progrem,inwhichthe
measurementsweremadeoftheinstantaneousrollingmoments,themodel .
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wastestedatMachnumbersof0.9, 1.2, 1.4,1.53, 1.6, and1.7 at a
free-streamReynoldsnumberof0.84x 10e.basedonmaximumbodydiameter.
ThedynsmicpressureincreasedwithMachnuniberfroDI510poundsper
squarefootat 1.2to 59opoundspersquarefootat 1.6. Dueto lower
tunneltemperatures,thedynamicpressurewas550pounds’persquarefoot ,
at1.7Machnumber.Themajority’ofthetestswereperformedinthe
angle-of-attackrangefrom10°to27°sinceitwasobservedthatthere
wereno oscillatingrollingmomentsof significantmagnituderegistered
ontheinstrumentsfrom0°to 10°angleofattack.Somedratawere
obtainedat0°, however,todeterminetheleveloftransientvibrations
recordedby theoscillograph.ForallMachnunibers,withtheexception
of0.96datawererecordedat 1° incrementsinqngleofattackthroughout
the10 to270range.Themaximumanglewaslimitedto 20°inthe0.9
Machnunibercasebecauseof excessivemodelVibrations.l

Forthevisualflowstudytests,thetailwasremovedfromthemxlel
andreplacedby “acylindricalshellwhichwasfairedin smoothlywiththe
forwardportionof thebody. Withthewindtunneloperatingatthesame
free-streamReynoldsnumberas intheforcetests,themodelwastested
atMachnunibersof1.2,1.4,and1.7. At eachMachnumber,themodel
angleofattackwasvariedfrom10°to 270whilethecsmerarecordedthe
flow patternsformedinthevaporscreen.2 Thephotographsincludedin
thisreportareenlargementsof framesfromthesefilms.

RESULTS.

A wideinteresthasrecentlybeenshownintheproblemof erratic
rollingmomentsinducedoninclinedbodiesofrevolutionfittedwith
tailfinsby theseparatedflowaboutthebody. Inviewofthefact
thatlittleinformationon thissub~ecthasbeenpublishedtodate,the
resultsofthepresentinvestigationaremadeavailabletothereader,
eventhoughtheyareina-verypreliminaryformsndindicatetheneedfor
furtherstudyandinstrumentationdevelopment.Thereaderiscautioned
tobearinmindthattheresults~e, forthemostpart,qualitative.

1Severelateralvibrationsofthemodelwereobservedduringa ~revious
investigationinwhichthebodywiththetailremovedwastestedunder
similarconditiom.It isbelieved,therefore,thatthevibrations
obse~edat thesubsonicMachnumberduringthepresentinvestigation
werenottheresultof fluctuatingforcesonthetail.

‘Severalattemptstoobtainvapor-screenpicturesoftheflowfieldat
. 0.9Machnumberwereunsuccessfulbecauseofdifficultiesencountered

inmaintainingtheproperfogdensityinthewhd tunnel.
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ReproductionsoftypicaloscillographrecordsforthreeMach
nwibersanda seriesofauglesofattackare.presentedin figure2.
Theuppertraceineachrecordrepresentstherollingmoment,andthe
twolowertracesareindicationspfthelateral-motionofthemodel.
Inthelattercase,theoutputof’themostrearwardstraingageis
representedontheoscillographrecordsby thetracehavingthelarger
amplitudesofthetwo. It shouldbe pointedoutthatthesensitivities
ofthetwolateral-motiongagesweremuchgreaterthanthatforthe
rolling-momentgage;hence,comparisonsofamplitudesoftherolling-
momentandyawing-momenttraceshaveno significance.It shouldalsobe
statedthattheverticalpositionsoftherolling-momenttracesonthe
oscillographrecordsarenotindicationsofthestaticrollingmoments
imposedonthemodel.No attemptwasmadeduringthepresentteststo
measurestaticrollingmoments.Thechangesofthepaperspeedcontrol
ontheoscillograph,whichappearasdifferentspacingsofthetiming
linesfordifferentMachnumbers,didnotvarytheresponsecharacter-
isticsof theinstrument.Withtheexceptionofthoseforan sngleof
attackof0°,eachrecordisaccompaniedby a photographofthecross-
flowfieldatthetailofthebody,obtainedby thevapor-screentech-
nique.To facilitateinterpretationofthesephotoraphs,twotypical

5vapor-screenpictures,foranangleofqttackof18 andMachnugbersof
1.2- 1.7,arepresentedin figure3 accompaniedbydiagrammatic
sketchesofthecross-flowfields.Variationswithangleof attackof
theindicatedlevelsof instantaneousrollingmomentforMachnumbersof
0.9,1.2,1.4,1.53,1.6,and1.7 areshowninfigure4. In obtaining
thevaluesfortheordinatesofthesecurves,twohorizontallinear
envelopeswerediawnwhichboundedthemajorityofthewavesforeachof““”‘“
thetracesof instantaneousrollingmount obtainedfromtheoscillo-
graphrecords.The“indicatedlevelof instantaneousrollingmoment”was
takenas one-halfofthedoubleamplitudedefinedby theenvelopes.
Inthisplottherollingmomentsarepresentedincoefficientform,based
ontailspanandexposedareaofthehorizontaltailsurfaces,andthe
magnitudesofthecurvesrepresenta measureof therecordedmoment
fluctuationsuncorrectedformechanicalamplification.Thesignificance
ofthemechanicalsimplificationisdiscussed

b

DISCUSSION

in thenextsection.

.

.*
. .

—

#

.-—’

.

,..

Beforediscussingtheresultsoftheinvestigationinanydetail,it
isadvisabletopointouta fewofthefactorsinvolvedin?btainingthe
datainorderthatthereadermaybe betterequippedto interpretand
evaluatethem. Themodel,asmountedinthewindtunnel,constituteda -
springandmasssystemvibratin&torsionally- themodelrepresentingthe
mass,andtherolling-momentgagerepresentingthespring.Thenatural

.

frequencyoftorsionalvibrationforthesystem-wasde@r@ned experi-
mentallytobebetween65 and70 cps. Itwasobservedthatthiswasalso .

-.- -..~.~
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thepredominantfrequencyoftherolling-momentvariationsrecorded
. duringthetests.Itdoesnotnecessarilyfollow,however,thatthisis

an indicationoftheforcingfrequencyforthesystem,thatis,the
frequencyatwhichthemodelwasreceivingrollingimpulses.Sincethe
modelwasessentiallyspringmountedandfreeto oscillate,thenatural
frequencymightbe expectedtopredominateovera nuniberofpossible
inputfunctions.Forexample,a verylowforcingfrequencyshouldresult
inmodeloscillationsat thelowerfrequencywiththenaturalfrequency
superi~osedas a tr+nsient,whileaperiodicimpulsesmightbe repre-
sentedby oscillationsatthenaturalfrequencywithmodulationsappe~- -
ingintheamplitudes.

Studiesofallof therecordsobtainedduringthetests,includi~’
thosepresentedinfQure 2, indicatea completelyrandomvariationof
rolling-momentamplitudewithtime. TherewereveryfewInstancesof
sustainedoscillationata constantamplitudesuchaswouldbe expected
fortheconditionofa sinusoidalforcingfunctionof constantsmplitude.
Therewere,ontheotherhand,fewinstancesofa modulatedamplitude
whichwouldbe associatedwithaperiodicdisturbances.Furthermore,
sincetheamplitudesoftheforcingfunctionswereEnibjecttoany
mechanicalamplificationpresentinthevibratingsystem,andsincethis

. amplificationcannotbe determinedwithoutlmuwledgeofthefrequencyof
theforcing@nctionor,foraperiodicdisturbances,thewaveshapeand
risetime,itwasnotpossibletodeterminevaluesoftheforcing-function

. amplitudesfromtheresultsofthepresentinvestigation.

It isclearfromtheaboveconsiderations,tierefore,tkt, because
ofthelimitationsoftheinstrumentationused,theresultsofthepres-
enttestsprovidelittleinformationasto thenatureof thedisturbing
forcesimposedonthemodelinroll. However,therolUng-momentrecords
obtainedduringthetestsareconsideredsignificantrepresentationsof
thevariationsoftherollingmomentsimpartedto themodelbythese
forces.OfparticularinterestwasthemarkedeffectsofMachnuniberand
angleofattackontheamplitudesoftherollingmomentsapparentfroman
inspectionofthedata. Inordertopresenttheseeffectsina comparison
plot,the
attackat
figure4.
represent

averageleveloftherolli~-momentamplitudesforeachs&e of
eachMachnumberhavebeenplottedincoefficientformin
It shouldbe emphasizedthattheordinatesofthesecurves
thelevelofoscillationsandnotthemaximumsingle-wavepeaks.

DynamicRollLingMoments

Thedynamicrollingmomentsexperiencedbythemodelduringthe. presenttests,recordsofwhicharereproducedinfigure2, showeda
significanteffectofMachnmiber.Froman examinationoffigure2, it
canbe seenthatforeachangleofattacktheamplitudelevelsofthe ..
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oscillatingrollingmoments

~

wereofgreatestmagnitudeat

NACARM A531S05

1.2Mach
nuder,generallylessat M = 1.4,andrelativelysmall.at M = 1.7. —-, .
In general,with& therangeofM&h numbersfron-1.2to 1.7,this
trendwasconsistentthroughoutthetests,rolling-momentamplitude
levelsdecreasingwithincreasingMachnuuber.Thepredominantfre-
quencyofoscillationof themodelinrollis shownintherecordsof
figure2 tohavebeenbetween65and70 cps,-whichwasthenaturalfre--

.

quencyofthesystemintorsionalvibration,andthesignificanceof
whichhasbeendiscussedpreviouslyIttillalsobe notedfromthe
recordsoffigure2 thatthefrequencyoflateralmotionof themmlel
wasapproximately13cps,whichwasdete~ned experimentallytobe the
naturalfrequencyoflateralvibrationforthesystem,andthatthis
frequencyisnotapparentinanyof thetypicalrolling-momenttraces
presented,norwasit inanyoftherolling-momentdataobtainedthrough-
outthetests.Thusapparentlyno interactionexistedbetweenthe
lateralmotionofthemodelandthemeasuredrollingmoments.The

-.

amplitudelevelsoftheoscillatingrolling-momenttracesoffigure2,
..

aswellasthoseforMachnumber’sforwhichtherecordswerenotincluded
inthisfigure,areplottedinfigure4 in coefficientformagainstangle
ofattack.TheinfluenceofMachnumberon themagnitudesoftherolling-
momentamplitudesisplainlyevidentinthisfigure.Itcanbe seenin
thisfigurethat,as statedpreviously,themagnitudesoftherolling
moments,ingeneral,decreasedwithincreasingMachnu?iber.

._
It iS &bO

apparentthatthevariationsofthesmplitudelevelswithangleof .
attackwerefairlyconsistentforallsupersonicMachnumbersatwhich
te~tswereomade.Ineachcase,peaklevelswererecordedatbetween

.

16 and18 angleofattack,followingwhichtheamplitudesfelloff
sharply,thenincreasedagaintoa secondpeak,lowerthanthefirst,
at approximately23°.

VisualFlowStudies

Thevapor-screentechnique,whichhasbeenusedinthepresent
.

investigationforthevisualizationofthebodyflowfield,isa rel-
ativelyrecentdevelopmentinthefieldofvisualflowstudiesand
refinementshaveyettobe madeinitsapplication.Withinitslimi-
tations,however,theuseoftheteck”iquehasprovena valuableaidin
understandingtheoriginoftheirregularitiesintheforcesandmoments
obtainedfromwind-tunneltests.Itwasintendedthattheresultsof
thevapor-screenstudiesmadeinconjunctionwiththepresentinvestiga-
tionwouldmakeknownthelocationsofthebodyvorticeswithrespectto
thetail,anyirregularitiesinthevortexconfigurations,and,through
theprojectionofthemotionpictures,anydynamicinstabilitieswithin
theflowfieldsuchaswereobservedduringthetestsofreference2. “

It shouldbe pointedout,withregardto themotionpictures,that,due
tothelimitationsofthephotographicequipmentused,itwasnecessary -’
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to operatethecameraat therelativelyslowspeedof 4 framesper
. secondduringthetestsinorderto obtaintheproperexposure.There

exists,therefore,thepossibilitythatdisturbancesof a veryshort
durationinthevortexpatterncouldhavebeenmissedby thecamera.
Itwillslsobe notedfromfigure2 that,inthephotographsfor1.2
Machnuniber,thevorticesgenerailya~ear as lJghtareas$whilethose
atMachnumber1.7 aredark.At 1.4Machnuniber,foranglesof attack
above160,thevorticesarealmostobscuredby a darkareawhich
apparentlyout~nesthedisturbanceregion,butabovewhichthereappears
a verylightarea. Noexplanationhasbeenfoundtorthesephenomena,
buttheyarebelievedtohavehadno relationto therolling-moment
oscillations.

A studyofthemotionpicturesofthecross-flowfield,obtained
by thevayor-screenmethod,representativeprintsfromwhichare
reproducedinfigure2, indicatedthattheflowfielddidnotdevelop
theexpectedvortexstre~tincross-flowplaneswithintherangeof
anglesof attacktested. Conditionsof instabilitywithintheflow
fieldwereobserved,however,which,it isbelieved,mayhaveproduced
thefluctuationof forcesatthetailresulting-inthemeasuredrolling
moments,evenbeforethevorticeshadbegunsheddingfromthebody.
At a Machm.uiberof1.2,foranglesofattackbelow10°,theflowfield
containeda symmetricallydis_posedpairofvorticesapparentlystable
andlocatedclosetotheb~y. Above u = ‘10°,however,thevortex

. patternrapidlybecsmeunsymmetrical,theleftvortexleavingthebody,
risingabove,andcurlingaroundtherightvortex.At 18° angleof
attack,an intermittentlateralmotionoftheright(lower)vortexwas
observed.Thevortexa~earedtomoveabruptlyto theright,thentothe
left,aperiodically.Thevorticesdidnotreversepositions,however,as
wasobservedinthetestsofreference2. Thisphenomenonwasless
apparentat20°anddisappearedat22°. However,at u = 24°,thecondi-
tion!againappeared,andwasvisiblethrougha = 26°. Referringto the
curvesof figure4, it isevidentthatthea~earanceofthismotionin
theflowfieldcoincidedcloselywiththeanglesatwhichmaximumrolLing
momentsweremeasuredfor1.2Machnumber.Thephotographsaccompanying
theoscillographrecordsfor1.2Machmmber infigure2 showtherel-
ativepositionsofthevorticesat thevariousanglesofattack,demon-
stratingtheasymmetryofthepattern,butobviouslycannotshowthe
dynsmicinstabilitiesrevealedby themotionpictures.

.

‘Thisobservationpertainsonlytothe~sultsof thetestsherein
reported.Discussionswiththeauthorsofreference2 haveindicated
thatfor“amodelwitha cylindricalqfterbody,thenoseshapemayhave
a significantinfluenceontheangle-of-attackrangeinwhicha vortex.
streetisdischarged. ... . ---

, ...

. . . . . . . ..&
,. ;.,



.

.

10 NACARM A51K05
8

At 1.4Machnumber,
—

foranglesofattackbelow10°,thevortex
patternwasmuchtheseineas for1.2Machnumberatthesameangles.
However,astheangleofattackwas’increasedabove10°,thevortex
patterbbecameunsymmetricalmuchlessrapidlythanatthelowerMach
number.Bothvortices,whichhadappearedasrounddots,wereobserved”
to elongateverticallyatverynearlythesamerateuntil,at16°,the
configurationwasonlyslightlyasymmetrical,but,ingeneral,larger
thanat 1.2Machnuniber.Aswas”mentionedpreviously,foranglesof
attackabove16°,thephotographscontaineda darkareawhichappeared
to outlinethedisturbanceregion,andtheindividualvorticeswerenot
visible.Itwasobserved,hwever,thattheoutlineitselfbecamemore
asymmetricalasthe~gle ofattackwasincreasedto27°,andpresumably
thiswasassociatedwiththeincreasingunbalanceofthevorticeswithin.
NolateralmotionofthevorticeswasvisibleatthisMachnumber,butit
isprobablethatifthisconditionhadexisteditwouldhavebeen
obscuredinthedarkregionsofthefilm.

Themotionpicturesfor1.7Machnumberprovidesomeexplanation
fortheverylowrolling-momentamplitudesmeasuredatthisMachnumber
duringtheforcetests.Itwasobservedthatinthiscasethevortex
configurationremain~dstableandsymmetrical--upthroughnearly20°,and
thatevenat a = 27 theasymmetrywasnotnearlyaspronouncedasthat
for1.2Machnuniberandcorrespondinganglesofattack.Further,itwas
observedthatalthoughthefloWfieldwasplainlyvisibleinthemotion
picturesthroughouttheangle-of-attackrange,no fluctuatinglateral .
motionsofthevorticesappearedatanytime. Inthephotographsof
figures2(f),2(g),and2(h)for1.7Machnumber,theshockwave,which
isfaintlyvisibleoneithersideofthevortexpattern,isa resultof
thecrossflowaroundthebodyhavingexceededthecriticalMachnumber,
about0..4forcircularcylinders.(Seereference5.) At anangleof
attackcorrespondingtoa cross-flowMachnumberof0.4,theshockwave
emanatesfromthebody;however,asthecross-flowMachnumberis
increased(increasingangleofattack)theshockwavemovesup onthe
wake,as seeninthephotographs.Althoughthecriticalcross-flowMach
numberwasexceededforeveryfree-streamMachnuniberatwhichthemodel
wastestedduringthisinvestigation,theshockwavewasvisibleinthe““
vapor-screenpicturesonlyinthesethreeinstances.Whatinfluencethe
shockwavehadon thevortexconfigurationsoron theresultingrolling
momentsisnotknown.

CONCLUDINGREMARKS

Althoughtheresultsof thepresentinvestigationareofa prelim-
inarynatureonly,andtheinstrumentationhasnotbeensufficiently
developedtoprovidequantitativedata,theinformationobtainedfrom

.

thesetestsdoesmibstantiateonesalientfact: thatfortheparticu-
larbody-tailconibinationtested,therewasa markedeffectofMach .
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nuuiberonthemagnitudesoftheoscillatingrollingmomentsofthemodel
at anglesofattack.Themagnitudesoftheoscillationsdecreased
consistentlywithincreasingMachnumber,withintheMachnuniberrange
tested.Also,consideredsignificantwastheconsistencywithwhichthe
variationofrolling-momentamplitudeswithangleofattackfollowed
similartrendsat supersonicMachnumbers.

AmesAeronauticalLaboratory,
NationalAdvisoryCommittee

MoffettField,Calif.
forAeronautics,
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Side view of model with toil in ploce

Geometric characteristics

Body fineness ratio: 159 1~
Tail aspect ratio: 4.0
Noseshope: Ogh +L/4./93

Front view

figure i- Dlogrommotic sketchof mode~

All dimensions in inches
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(b) a=/6°

Hgure2.-Continued
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(C)a=/8°

Figure2.-Continued
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(d)Q=20°

Figure2.- Continued.

17



18 ,

YRo/hg moment~
Yffwingmoment

Af”l4

,,

Iill

I?ACARMA51K05
.

.

.

M=L7

(e) 0=22”

Figure2.-Continued .
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Figure2.- Continued
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I@Or-screen photograph
Vapor-screen phonograph
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Figure 3.-
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-Diogmmmatic sketch of cross-flow field as represented by vapor-screen photoamnhs
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for 18” angle of offuck ot two Mach numbers.
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Angle of attack, C, o’eg

Figure 4. – Vuritiion of indicated level of mstantonews rolling-moment coefficient

with angle of attack for six Much numbers.
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